The paper presents the results achieved during the process of nickel removal from aqueous solutions by adsorption on alumina (Aluminum oxide) in continuous conditions. The continuing experiments were conducted in a glass column with diameter of 16 mm and fi xed bed of adsorbent with quantity ranging from 30 to 115 g, adsorbent grains size from 1.0 to 2.0 mm, and retention time of 0.5 to 12 minutes. The quantity of nickel in the aqueous solutions was changed within the range of 0.045 up to 0.12 mg/l Ni. The analysis of the obtained experimental data defi ned the mutual affection of the retention time, the initial nickel concentration in the water, and the adsorbent quantity, i.e. the content of the adsorbent in the treated solution to the adsorbent capacity.
Introduction
According to the WHO (World Health Organization) recommendations, the presence of nickel in the water supply system or commercially used mineral water is extremely harmful and dangerous. Based on the WHO recommendations, EU directives and domestic regulations that correspond to the abovementioned recommendations, the maximum allowed concentration of nickel is 2 g/l (WHO, 1996; EC, 1998; Anon, 2004) .
Various methods are used for removal of heavy metals from wastewater. Most of these methods involve high capital cost with recurring expenses, which are not suitable for small-scale industries. Studies on treatment of effl uents bearing heavy metals have revealed adsorption to be a highly effective, cheap and easy method among the physicochemical treatment processes (Peters et al, 1985) . In the last few years, adsorption has been shown to be an alternative method for removing trace metals from water and wastewater. Interest has risen recently in removing heavy metals from solutions by binding with agricultural materials such as waste wool, nut wastes, tree barks, modifi ed cotton and sawdust (Bin et al, 2005) . Peat moss, a natural inexpensive material was also used as an adsorbent (Vengris et al., 2001) . Silica gel (Filho, 1998) and activated carbon (Goyal et al., 2001 ) have been also used. Alumina has been also studied (Yabe, Oliveira, 2001) .
The nickel removal from underground, superfi cial, and waste waters had not attracted any significant attention in the researches, thus resulting in no world-wide accredited procedure on nickel removal from waters. In comparison to other heavy metals and metalloids, such as Zn, Pb, Cd, As, the presence of nickel in waters is quite rarely notifi ed. This was very important because, as a result of the occurrence of nickel-containing ores in Southern Macedonia and Northern Greece, there are signs of signifi cant nickel concentrations in the underground waters in these regions (Wolkersdorfer and Bowell, 2005; Karavoltsos and Sakellari, 2008) . Hence, adsorption of nickel ions from aqueous solutions was performed by applying alumina.
Adsorption And Equilibrium Isotherms
Adsorption equilibrium is a dynamic concept achieved when the rate at which molecules adsorb on to a surface is equal to the rate at which they desorb. The physical chemistry involved may be a complex one and no single theory of adsorption has been put forward which satisfactorily explains all systems. Most theories have been developed for gas-solid systems because the gaseous state is better understood than the liquid (Ruthven, 1984; Coulson and Richardson, 1991; Dimitrovski, 2010) . Adsorption isotherm defi nes the functional equilibrium distribution of adsorption with different concentrations of adsorbate in solution at constant temperature. Commonly, the amount of adsorbed material per unit of adsorbent weight increases with the increasing of concentration, but not in direct proportion. Experimental isotherms are useful for describing adsorption capacity to facilitate evaluation of the feasibility of this process for a given application, for selection of the most appropriate adsorbent, and for preliminary determination of adsorbent dosage requirements (Ruthven, 1984; Coulson and Richardson, 1991; Dimitrovski, 2010) .
Alumina
Alumina (aluminum oxide Al 2 O 3 ) is a fi ne white material similar in appearance to common salt. When an adsorbent is required which is resistant to attrition and which retains more of its adsorptive capacity at elevated temperatures than silica gel does, activated alumina may be used. Activated carbon adsorption is not nearly as effective at removing metals and inorganics as it is at removing organic compounds. This is primarily because metals often exist in solution either as ions or as hydrous ionic complexes. Neither of these forms is effectively adsorbed by carbon (Anon., 2011 . Also its black colour persists and adds a gray tinge if even trace amounts are left after treatment (Anon. 2011b ).
Experimental Part
The nickel sulphate (NiSO 4 . 7H 2 O) used was packed and distributed by ADWIC Company and contains a maximum limit of impurities chloride 0.01% and iron 0.02%.
The stock aqueous solution of Ni (II) containing 1000 mg/l was prepared by dissolving 4.27 mg of NiSO 4
. 7H 2 O in 1 liter of DDW. The stock solutions were used to prepare dilute solutions of different working concentrations.
Water used for preparation of aqueous solution was tap water from "Water Supply and Sewage", Public Enterprise, Skopje with characteristics and chemical composition given in Table 1 .
Working aqueous solution with different concentrations of Ni (II) ions was made with mixing at 25 ± 2 ºC on a rotary shaker at 120 rpm of tap water and prepared Ni (II) standards.
Aluminum oxide (Al 2 O 3 ), alumina was used as an adsorbent for the removal of Ni (II) ions from aqueous solution. It is a white fi ne powder similar in appearance to common salt. The alumina used is packed by industrial name COMPALOX, made in USA with characteristics and chemical composition given in Table 2 .
The fi xed-bed experiments were carried out at 25°C in a water-jacketed glass column with an inner diameter of 16 mm and a full length of 1200 mm. Because the diameter of the column is around 10 times larger than that of the adsorbent particles, the wall effect is negligible (Korkisch, 1989) . To one end of the bed, a small wooden glass was inserted, an aliquot of the fresh adsorbent was put into the bed. The aqueous solution with known concentrations of metal ions was then fed to the top of the bed at a desired fl ow rate driven by a micro-metering pump (Cole-Parmer, Masterfl ex 7518-10) until the breakthrough curve was completed. The samples in the outlet were taken at the preset time intervals. Table 3 lists the operating characteristics of the column and the fi xed bed.
The treated water was sent for nickel analysis. Residual nickel concentration was determined by rather fast and less accurate colorimetric method AQUAQUANT 1.14420 provided by MERCK, while more precise results for the remaining concentration of nickel were obtained by AAS (atomic absorption spectroscopy) using an air acetylene fl ame conducted in AAS Model Varian Spectra AA 55 apparatus according to the ASTM D 1886 -03 standard. Each test was duplicated and the arithmetic average result of the two tests was reported in this paper. 
Results and Discussion
Obtained experimental data is shown in Figures 1-3 
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The simplest method to determine isotherm constants for two parameter isotherms is to transform the isotherm variables so that the equation is converted to a linear form and then to apply linear regression. The accuracy of the fi t of an isotherm model to experimental equilibrium data was typically assessed based on the magnitude of the coeffi cient of determination for the linear regression i.e., the isotherm giving a correlation coeffi cient, R 2 value closest to unity was deemed to provide the best fi t (Ho et al., 2002 ). However, we will concurrently have to consider that equilibrium nickel concentrations in aqueous solutions for the largest number of experimental measurements are very low. Hence, even the smallest mistakes for the third decimal fi gure may lead to some deviations when experimental data is evaluated, especially when determining the sum linearization for all experimental results for various nickel contents and different adsorbent content in the aqueous solution. An attempt was made to linearize the experimental data in various functions like step, semi-logarithmic, logarithmic, reciprocal, exponential, square polynomial, etc. Experimental results were used to obtain equation which will appropriate explained adsorption process. When mathematical description was obtained for each particular variable (initial nickel concentration, C o , or adsorbent mass, M ads in the aqueous solution), then is called individual. When mathematical description was obtained for all variables together (initial nickel concentration, C o , and adsorbent mass, M ads in the aqueous solution), then is called summary (Dimitrovski et al., 2011) .
Analysis of the experimental data showed that the most successful linearization for each particular variable was logarithmic and reciprocal function and these obtained coeffi cients are given in Table 4 . 4.3. Adsorbent capacity at saturation was calculated as the amount of adsorbed nickel (II) ions on unit quantity of adsorbent (alumina) for different initial concentration and different adsorbent mass. 
Conclusions
This paper demonstrated the results of a detailed study of the adsorption process that removed Ni (II) ions from aqueous solution using alumina. The experimental data indicates that the lower initial metal ion concentration is, and the adsorbent dose is higher, more Nickel is adsorbed on alumina. The experimental data was evaluated by step, semi-logarithmic, logarithmic, reciprocal, exponential, square polynomial etc. functions and equilibrium adsorption fi tted well in logarithmic and reciprocal functions. The kinetics of sorption seems to be controlled by diffusion of nickel ions into the micropores. Analysis of the experimental data showed that the maximum nickel ions adsorption uptake onto the alumina was 400 mg/g. The results of the study indicated that alumina has great potential to remove Ni(II) ions from aqueous solution and that such adsorbent can very well be recommended for water and wastewater treatment and for the control of the level of Ni pollution.
